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P hoton S truc ture F unc ti on at L E P
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New Photon Structure Function Developments

• Progress on measurements of F2γγγγ usi ng th e ful l  L E P stati sti c s    
( D E L PH I / A L E PH )

• M easurement of F2c h a r m   ( O PA L )
• Fi rst measurement of th e el ec tron struc ture func ti on F2e  ( D E L PH I )
• N ew  p arton d ensi ty p arametri z ati ons b ased  on rec ent d ata
and  ex trac ti on of αs

• O utl ook  &  Future
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Introduction: Kinematics 
Measurements at LEP: Single tag two-p h oton interac tions  ( D I S)
Tagged electron

Target p h oton

R econstru cti on of  
x  needs h adroni c
f i nal state 

√see = 91 → 2 0 9 G e V
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New Data from ALEPH (preliminary)
LEP2 data from ALEPH based on 548.4 p b-1  

T i k h onov u nfol di ng  p roc edu re u sed
T w o rang es i n Q 2:  1 7 .3  G eV 2 and 6 7 .3  G eV 2

Comparison of
F2

γγγγ for x  ≥ 0 . 1
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New Data from DELPHI
LEP1 and LEP2 data from DELPHI based on 78/548 p b-1  

N o u nfol di ng  bu t fi tti ng  of di fferent c ross sec ti on c omp onents
to data di stri bu ti ons

LEP1 data
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New Data from DELPHI
LEP2 data

Note: DELPHI chooses to present different F2
γγγγ v a l u es ca l cu l a ted/ corrected w ith 

different ha dronic m odel s  ⇒difficult to compare with other LEP measurements
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New Data from DELPHI

<F2
γγγγ > m e a s u r e m e n t s

i n  d i f f e r e n t  x  i n t e r v a l s  
a s  a  f u n c t i o n  o f  <Q 2>
D E L P H I  p o i n t s  e x t r a c t e d
u s i n g  o n e  m o d e l  ( T W O G A M )
o n l y .
L a r g e  s p r e a d  d u e  t o  
d i f f e r e n t  m o d e l s  n o t  s h o w n
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Data on F2c h a r m f r om  O P A L

Pointlike p a r t 
( PQ C D )

H a d r on-like p a r t
d ep end s  on g lu on
in th e p h oton

D*
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Data on F2c h a r m f r om  O P A L
Limited by statistics (data other 
LE P  ex p erimen ts? )
H ig h-x :  w el l  described by P Q C D
cal cu l ation ,  essen tial l y p oin tl ik e
Low -x :  somew hat hig her than
P redicted bu t l arg e error

S u btract N LO  p oin tl ik e p art 
at l ow  x

GRV-N L O /  Laenen et  al .
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Electron Structure Function
•Does not need h a dr oni c   
f i na l  sta te to c a l c u l a te x 
⇒ K i nem a ti c s b etter   

c onstr a i ned
• N o c or r ec ti ons du e 
v i r tu a l i ty  of  th e ta r g et 
p h oton ( P )  needed 

• P h oton f l u x sp ec tr u m   
ob sc u r es th e sensi ti v i ty    
to th e p h oton str u c tu r e

• R a di a ti v e c or r ec ti ons 
l a r g e a t sm a l l  x

x-r e s o l u t i o n
x= 0 . 1

z-r e s o l u t i o n
z=  0 . 0 1

x z
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Electron Structure Function

Measurements consistent with F2
γγγγ

Note: Real structure functions have to be “given” virtuality  before com p aring w ith F 2
e
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Electron Structure Function

Measurements consistent with F2
γγγγ / red uced  sensitiv ity
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The World Data: F2
γγγγ v ers u s  x

More than 50 measurements
K i nemati c al  c ov erag e 

1 0-3 ≤ x  ≤ 0. 9
1 . 9  ≤ < Q 2 >  ≤ 7 8 0 G eV 2

U sed  f or new  f i ts and  the 
ex trac ti on of  αs

Thanks to R. N i si u s,  se e  http : //w w w .m p p m u .m p g .d e /~ ni si u s/w e l c om e au x /str u c .htm l
All except new DELPHI-LEP2  po i nts
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The World Data: F2
γγγγ v ers u s  Q 2

Fit: Significant increase of the 
sl op e w ith increasing x
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Parametrizations and  F its

• New r a d i a t i v el y  g en er a t ed  ( L O )  q u a r k  a n d  g l u o n  d en s i t i es  i n  t h e p h o t o n
o n  a l l  F 2

γγγγ d a t a  a v a i l a b l e b y  s u m m er  2 0 0 2  ( 2 0 8  d a t a  p o i n t s )
• NL O  d en s i t i es  i n  p r o g r es s …

Cornet,Jankowski,K rawc z y k &  L orc a, hep-ph/ 0 2 1 2 1 6 0

ACOT HF scheme

Fit ααααs f r o m  th e  F2
γγγγ d a ta

U se d a t a  w i t h ( x > 0 . 4 5 ,  Q 2 >  5 9  G eV 2)  a n d  f i t  ααααs

P a r a m e tr iz a tio n s

A l b i n o ,  K l a s en  &  S o l d n er  R em b o l d ,  hep-ph/ 0 2 0 5 0 6 9

N L O/ M S
U se a l l  d a t a ,  5  p a r a met er  f i t  f o r  ( N ,  αααα,ββββ,ααααs , Q 02)



HEP2003 Photon Structure Albert De Roeck (CERN)  16 

Outlook I

Near Future
W h at c an  b e s ti l l  ex p ec ted  f ro m  th e L E P  ex p eri m en ts ?
A L E P H :  P o s s i b l y  an  an al y s i s  at l arg er Q 2

L 3 :  Ful l  an al y s i s  w i th  al l  s tati s ti c s
O P A L :  L o w -x ,  Q 2 an al y s i s  f o r F2

γγγγ an d  F2
e
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Outlook II
Far Future: 

L arg e ex ten s i o n  o f  th e k i n em ati c  ran g e at a f uture l i n ear c o l l i d er  
e+e- o p t i o n

P h o t o n  c o l l i d er  o p t i o n

F2
γγγγ measurements with a quality similar 

to  p ro to n struc ture f unc tio ns to d ay ! !
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Summary 
• T h e  p h o t o n  s t r u c t u r e  h a s  n o w  b e e n  i n v e s t i g a t e d  i n  a  l a r g e  r a n g e  

1 0 -3 ≤ x  ≤ 0 . 9
1 . 9  ≤ < Q 2 >  ≤ 7 8 0  G e V 2

• P r e c i s i o n  h a s  b e e n  i m p r o v i n g  o v e r  t h e  y e a r s
• T h e  c h a r m  c o n t e n t  o f  t h e  p h o t o n  h a s  b e e n  m e a s u r e d

W i l l  n e e d  d a t a  f r o m  t h e  o t h e r  3  e x p e r i m e n t s
• T h e  e l e c t r o n  s t r u c t u r e  f u n c t i o n  h a s  b e e n  m e a s u r e d ,  a n d  s e r v e s  

a s  a  v a l u a b l e  c r o s s  c h e c k  o f  t h e  p h o t o n  s t r u c t u r e  f u n c t i o n ,  b u t  
d o e s  n o t  s e e m  t o  a d d  m o r e  d i s c r i m i n a t i v e  p o w e r .

• N e w  p a r a m e t r i z a t i o n s  o f  t h e  p a r t o n  d e n s i t i e s  i n  t h e  p h o t o n  
b e c o m e  a v a i l a b l e .  ααααs v a l u e s  h a v e  b e e n  e x t r a c t e d  f r o m  f i t s  t o  t h e  p h o t o n  s t r u c t u r e  d a t a .

Thanks to A. Finch, C. M ar iotti, B . M u r y n, R . N isiu s, T. S z u m l ack, T. W e ng l e r


